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CHUONG VI
TONG HOP CHUYEN PONG CUA BIEM VA VAT RAN

Bai 18. TONG HOP CHUYEN BONG CUA PIEM

I. Dinh nghta cac chuyén dong

Gia sir c6 dong diém M, hé quy chiéu dong Oxyz va hé qui chiéu c6 dinh
O]_X]_y]_Z]_ (h‘lnh 18 - 1)

— Chuyén dong clia M so v&i hé qui chiéu dong goi la chuyén dong twong doi,
twong (ng ta c6 quy dao twong d6i vavan toc twong doi.

Ky hiéu v,
— Chuyén dong ctia M cung v&i hé qui chiéu dong ddi véi hé qui chiéu cd dinh
goi la chuyén dong theo, tvong (rng ta cd quy dao theo vavan toc theo.
Ky hiéu v,
— Chuyén dong cla diém so vo&i hé qui chi€u co dinh goi la chuyén dong tuyét
doi, twvong ng ta cé quy dao tuyét d6i vavan toc tuyét doi.
Ky hiéu v,
Vay, chuyén dong tuyét déi latong hop cua hai chuyén dong, chuyén dong twong
ddi va chuyén dong theo.
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I1. Binh ly hop van toc

Tai moi thoi diém, van toc tuyét déi clia chat diém M bang téng hinh hoc clia van
toc theo vavan toc twong doi.

V.=V, 4V (18- 1)
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Chtrng minh:
Dong diém M duoc dinh vi bdi vécto T va T,, goc O dugc xac dinh béi 7. Goi
i, 7,k lacac vécto don vi clia hé truc oxyz, tacOt = xi + yj + zk

/IS v,
O;

Theo hinh 18 - 2, taco: X
foo= o0, 40 Hinh 18 - 2
Van toc tuyét doi ctia M la:

G, ok Xy dys, dzg

Vv =V
 dt dt dt t “dt  dt dt dt - dt

- - N |:| = T T
g =[BG O een B fd b dk
0 g dt Tt ot

Vay, dinh ly da duoc chirng minh.

Vi du: Cho co cdu tay quay culit voi tay quay OA = 200mm quay déu véi van
t6c w = 3mrad /s, Con chay A ndi bang ban I& vao dau mut tay quay chay trong
ranh BC lam culit chuyén dong lén xudng. Xac dinh van tdc cla culit tai thoi diém
tay quay léch goc = 30° so v6i phuong thang ding.

Giai

ZE
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— Chuyén dong cla con chay A trong rénh BC la chuyén dong twong doi voi
van téc v, hudng theo phwong ngang.

— Chuyén dong cua BC (culit) SO voi khung may la chuyén dong theo voi van
toc v, hudng theo phrong thang ding.

— Chuyén dong cua con chay A so vai khung may la chuyén dong tuyét doi voi
van téc v, ti€p tuyén voi quy dao tron tai A.

Theo dinh ly hop van téc ta cé:

Theo so d6 hop van téc, ta co:
Van toc cla culit &

V,=v=Vv,.Sna =0Aw.Sna

=200.107%.37 % =0,37 m/s

I11. Binh ly hop gia téc

Tai moi thoi diém, gia t6c tuyét déi bang téng hinh hoc cla gia tdc theo, gia toc
twong doi vagiatoc Criolit.

a,-a,+a,+a (18-2)
Chirng minh:

T R

dt dt dt

2 . _ |:| 27 7 T
_de J d’z k+@0+ 2|+ dJ,+de ded_ dy D‘K
Hat? d? H g dz o’ dt dt dt T o

Tuwong tw nhw hcrp van toc, ta co:

a-= i +
T dt? dt? ~  dt?

Giatoc tvong doi:

4 =7 4 di dzi+zd2R
Giatoc theo: e Yo dt? ydt2 dt?

. _Hix di  dy dj dz _dk
Giatdc Oriolit: & = %M %+E%+E%E

Vay: a, = a, + a, + a, (dinh ly dadugc chirng minh)
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e Chuy:

— Truong hop hé quy chiéu dong Oxyz chuyén dong tinh tién thi
ﬂ:ﬂ:%:o (n'\ éc:O)
dt  dt dt

~ Vay, khi chuyén dong theo la chuyén dong tinh tién thi gia toc tuyét doi
bang tong hinh hoc gia toc theo va giatdc tvong doi.

a . =a +a, (183)

a r e

— Truong hop hé qui chiéu dong Oxyz chuyén dong quay quanh truc c6 dinh
v(i vécto van téc goc @, thi giatde Oriolit 1a a, = 2k, ¥, (18-4)
+ Tai thoi diém khdo sat néu &,/ v hodc v, =0 hy &, = 0 thi
tai thoi diémnay a, = 0
+ Néu &, O v, (hinh 18-3) thi quy tic tim phuong chiéu clia &, nhw
sau: quay v, quanh gbc cla nd theo chiéu quay cua hé dong quanh truc
& , mOt goc 90°, ta cd ngay chidu clia & , vagiatricliandbang 2 & , OV, .

@,
\

N

90°

Vi du: Mot tdm chi Vrhét c6 cac canh laavab quay quanh truc thang diing theo
quy luat ¢ :%tz. Diém M chuyén dong doc theo DC véi quy |Léat s=3t> (m, s). Tim
van toc, gia toc tuyét doi ctia M theo thoi gian t. b
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— M chuyén dong tvong d6i theo phuong thang ditng DC voi van téc twong doi
V. vagiatoc twong d6i @ nam trén truc nay, dong thoi:
Vv, —ﬁ =6t ; a,
dt
— Chuyén dong ctia M cung véi ABCD la chuyén dong theo quy dao dwong
tron c6 ban kinh b va van téc v, vudng goc voi ban kinh tai thoi diém dang

e

Xet.

d’s
=— _=6
dt?

ro=bEl =

T

|

:ae+

mp)l

Vol al =r.w’ —bﬂg b.t?

Odt [0
a,=re=b Gd— =b
° d*t
Do vécto van tc goc @, nam trén Az nén co &/l v, ,
suyra a.=0
Van tdc tuyét déi cia M:

—

Vu =V,

V. +
vy, = \/372:1/ 6t bt cm/s

Giatdc tuyét déi clia M:

<l

3,

(DQJl

CAUHOI ON TAP
1. Thé nao la chuyén dong twong doi, tuyét déi va chuyén dong theo ? Phan tich
qua Vi du cu thé.

2. Giai thich hién twong: Khi lang gi6, nhitng giot mua lai roi xién trén thanh tau
dang chay? B0 xién clia giot mua phu thudc vao yéu té nao?

3. Phé& biéu dinh ly hop van toc, hop gia téc cta diém chuyén dong tong hop.
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Bai 19. CHUYEN BONG SONG PHANG

I. Binh nghia

Chuyén dong song phéng cla vat fén |a chuyén dong trong d6 moi diém thudc
vat luén di dong trong nhitng mat phang c¢d dinh song song v&i mat phang quy
chiéu.

Vi du: Khi xe chay trén duong, moi diém trén banh xe di chuyén trong nhiing

mét phang song song voi mat phang thang ding chtta truc duong, nén banh xe
chuyén dong song phang.

I1. Kh&o sét chuyén dong cla hinh phang
1. Phuwong trinh chuyén dong ctia hinh phang

Bai toan khao sét chuyén dong song phang cla vat rén trong khong gian dugc
dua vé bai toan khao sat chuyén dong cla mot tiét dién phang cta n6 trong mat
phang chra tiét dién phang, song song v&i mat phang quy chiéu.(hinh 19-1 a, b)

A

y

&

Mphéng qui chiéu

S b

b)
a)
X ét chuyén dong ctia hinh phang (s) trong mp (P). Chon hé qui chiéu c6 dinh
O1X1y1. Ly diém O tuy y thudc () va gén vao dé hé truc Oxy co truc Ox va Oy

ludn song song v&i Ox; va Oyy;. Chuyén ddng ctia hinh phang (s) duec phan tich
thanh 2 chuyén dong:

— Chuyén dong tinh tién cla hé dong Oxy doi vai hé qui chiéu c6 dinh 01Xy,
(chuyén dong theo).

— Chuyén dong quay quanh cuc O ciia hinh phang ddi véi hé dong Oxy (chuyén
dong twong doéi)

Vay chuyén dong song phang clia vat rén cd thé phan tich thanh 2 chuyén
dong: chuyén dong tinh tién cuing véi cuc va chuyén dong quay cuta vat quanh cuc
(hinh 19-2).

Do d6, phuong trinh chuyén dong ctia vat rén chuyén dong song phang la:

Xo=Xo(t) 5 Yo=Yo () ; =0 (1)
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Y1 \y
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2. Cécyéu t6 dong hoc ctia hinh phang
— Chuyén dong cla hé truc Oxy la chuyén dong tinh tién ctiing véi cwc O nén
trang thai dong hoc dwgc xac dinh lavan téc v, vagiatoc a, .
— Chuyén dong quay cla hinh phang d6i véi hé dong oxy duoc xac dinh béng
van téc géc wvagiatdc goc €
* Chuy: Cac dai lvgng v, a,phu thudc vao viéc chon cuc
I11. Kh&o sat chuyén dong cla diém thudc hinh phang
1. Phuong trinh chuyén dong clia diém

Xét diém M thudc hinh phdng S ndm cach cuvc O mét khodng OM = R
(hinh 19 - 3). Vi tri cia M dugc xac dinh:

Xy =X, +R.cos¢
yM :yo +R'Sin¢

Vi Xo, Yo, ® ludn thay déi theo thoi gian, nén phwong trinh chuyén dong clia M

x,, (t) = x, (t)+ R.cos¢ (t)

Yu(t)=y, (t)+Rsing (t) (19-2)

Yy A Y
Y / M
[ L i
Yo \Q = X
O, Xg X = X1
Hinh19-3

2. Van toc cua diém
Biéu thirc gidi tich cta van toc.
Van t6c cla diém M duoc xac dinh qua hinh chiéu clia né trén hé truc co

dinh O1X1y1
Khoa Co khi — Trudng Cao dang Ky thuat Ly Ty Trong 63



CO LY THUYET - TONG HOP CHUYEN BONG CUA PIEM VA VAT RAN

e = d;(M =X, -R.¢@'.sing =x; - Rw.sing
{ ; t (19-3)
Viy = # =Y, +Rg'.cosp =y, + R.w.cosp

Quan hé van téc gitra hai diém thudc hinh phéng:

Nhu da phan tich, chuyén dong song phang cla vat thuc chat 1a tdng hop
clia hai chuyén dong:

— Chuyeén dong tinh tién cting v&i cwc O (chuyén dong theo), nén :
\76 = \_/0

— Chuyén dong quanh cuc O (chuyén dong tvong d6i). Nén van toc cla
M:

Vr

vMo
Mav,,,dOM vavyo=OM.w (wlavan téc goc cua vat)

Theo dinh ly hop van toc, ta c6: v,, =V, +V,,,

VMO
vM
l 1
0 o\
Vo

Dinh ly: Van toc cla diém thudc hinh phang bang téng hinh hoc van téc cia
cuc voi van toc cla diém khi hinh phang quay quanh cuec.

Ap dung cho 2 diém A, B bat ky thudc hinh phang, ta co:
Vg =V, +Vg, (19-4)

Trong d6, v,, lavan tdc clia diém B do hinh phang quay quanh cuc A.

Chiéu dang thirc vira thiét 1ap 1én phuong AB, ta duoc:
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hCAB \75 = hCAB \7A
hay vg cosf3 = v, cosa (19-5)

Vay: Hinh chiéu van toc 2 diém bat ky thudc hinh phéng 1én phrong néi voi
hai diém thi bang nhau.

Tam van téc tirc thoi va sy phan b van téc cac diém thudc hinh phang:
Tam van téc ttre thoi:
Tai thoi diém khao sét, ton tai diém P thudc hinh phdng cé van téc bang
khong thi diém d6 goi latam van téc tic thoi.
Tai m6i thoi diém néu w # 0, c6 mdt diém duy nhat thudc hinh phang s
c6 van téc bang khong (ton tai duy nhat mét tam van toc tirc thoi).
Su phan bd van téc cac diém thudc hinh phéng:

Ta xét sy phan bd van toc cua diém thudc hinh phing chuyén dong
song phang. C6 2 kha nang c6 thé xay ra:

— Trwong hop w# O:
Lay tam van toc tirc thdi P lam cue, khi do:

<l

m = Ve tVyp
hay v,, =V,,, (Vi vV, =0)
voi v,, OMP vavy =MP. w

Vay, tai mdi thoi diém, van téc cac diém thudc hinh phing phan b6
giong nhuv khi nd dang quay quanh tdm van t6c tirc thoi P voi van téc goc w
(hinh 19-4)

Hinh 19-4

— Trwong hop w = 0 (khéng ton tai tam van toc tic thoi)
X ét van toc 2 diém M, N bét ky cla hinh phang s, ta co:
Vy =V +Vuy
Do d6:vyn =MN.w=0 nén v, =v,
Vay khi @ =0 thi van téc cac diém thudc hinh phing déu bang nhau
(hinh phang chuyén dong tinh tién tirc thoi) (hinh 19-5)
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Hinh 19-5

Mot s6 quy tic xac dinh tm van tdc tc thoi:
— Biét vantoc diém A va phuong van tdc diém B:

;

<

(Phuong cta V)
(Phuong cta vy )

~
~
N
(N

Y A
i)

(Vat chuyén dong tinh tién)

— Biét van toc 2 diém A va B c6 phwong // nhau va O AB:

Vit chuyén dong tinh tién
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— Vat lan khong trwot trén mat phang cd dinh: tiép diém 1a tam van
toc tic thoi

Hinh10-5

3. Giatoc clha diém
Biéu thirc gidi tich:

d*x .
4 { Aux = dtZM = X! - R.£.8N ¢ - Rw’cos ¢

d2y (19_6)
Ay, = dtzM = y" +R£.c0sp - Rw’sing

Quan hé gia toc gilra hai diém:

Dinh ly: Gia téc cta diém M thudc hinh phing bang tdng hinh hoc cla gia
toc cuc O vagiatdce ctia diém M trong chuyén ddong tron quanh O.

2 —_ A A —_ A AT an
a, =ag + dyo = g + a‘MO + Ao (19'7)

Trong do:

ay, Va ay,, duoc tinh nhu sau:

a,,=MO.¢
a,,=MO.

a=MoOvVe*+* 7 Zrtemoomooomoes .
AT O -
av, _ € a,

an - 2
Mo W

tga =

Tam van toc tte thoi:
Piém Q thudc vat cd gia tbc bang khong & thoi diém khao sat duoc goi la
tam giatdc tlrc thoi.
~ Tai thoi diém van t6c goc va gia tée goc cda hinh phang khéng dong thoi
bang khong thi ton tai duy nhat mét tam gia toc.

* ‘VI' du: M6t banh xe ban kinh R = 0,5m lan khéng trwot trén mot duong
thang co dinh. Tinh van téc vagiatoc cla diém M,. Biét tai thoi diém khdo sét,
tam banh xe co van téc v, = 1m/s, a, = 1,5m/s’
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Giai
ST S S S S
M, =P
Vi banh xe lan khong trwgt nén M4 latam van toc tirc thoi: vy, =0
Taco: v, =M,0.w0 w=—°=i=2rad/s
M,O 05

Tuong ty: v, =M,M,.0=RA20=05+2.2
Vy, =V2 mis
Giatoc cta diém M,:
Taco: a,,, =a, +a,,, +ay,
Trong do:
ay, =M,0.e=Re=a,=15m/s

Vay:

t

a =R
Ay, = \/(ao + arl\1/I20)2 + (aM20)2
a,. =+(L5+2f + (1,57 =1,8m/s

CAU HOI ON TAP
1. Thé nado |achuyén dong song phang clia vat rdn? Cho vi du.

2. Hay 1ay vi du chiing t6 rang lubn ludn co thé phan tich chuyén dong song phéng
thanh chuyén dong tinh tién vachuyén dong quay.

3. Tamvan t6c tlrc thoi la gi? Trinh bay cach x&c dinh tam van toc tirc thoi?

4. tam giatdc tic thoi lagi ?

5. Viét biéu thirc x4c dinh gia tdc gitta 2 diém thudc hinh phéng chuyén dong song
phang.
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